Background Treating patients with latent tuberculosis infection (LTBI) to prevent development of active disease is an essential strategy for eliminating TB. There are concerns regarding the use of isoniazid due to the potential for hepatotoxicity. This study was conducted to determine the incidence of adverse hepatic events after isoniazid preventive therapy (IPT) commencement in a cohort of HIV-infected paediatric and adolescent patients on antiretroviral therapy (ART). Methods This was a retrospective records review, using data from HIV-infected paediatric and adolescent patients collected during routine clinical visits at Newlands Clinic, Harare, Zimbabwe. Patients included in the analysis had commenced IPT between January 2014 and June 2015 (inclusive) whilst receiving ART. A survival analysis was conducted for the period that participants were receiving IPT with end-points defined by grade 3 or grade 4 elevations in alanine aminotransferase (ALT) levels. Results Data from 438 patients commenced on IPT were analysed; 202 (46.1%) of them were female. The median age at IPT commencement was 10 (IQR = 7-12) years. Twenty-eight patients developed grade 3 or 4 elevations in ALT. Concomitant use of nevirapine as part of an ART regimen was the only factor that showed a statistically significant association with ALT elevation [relative risk (RR): 2.7; confidence interval (CI): 1.2-6.3, p = 0.012] compared with those not receiving nevirapine. The incidence of grade 3 or 4 elevations in ALT was 31.5/100 person-years (CI 20.9-45.5). Conclusion The incidence of IPT-associated ALT elevations was high in this population. We recommend vigilant monitoring of liver enzymes for patients receiving IPT, especially in patients concomitantly receiving nevirapine.
Introduction
Treating patients with latent tuberculosis infection (LTBI) to prevent the development of active disease is an essential strategy for eliminating tuberculosis (TB). In 2014, globally 9.6 million people were estimated to have fallen ill with TB, amongst which children constituted 1.0 million of the total. The actual burden is likely to be higher, because diagnosing TB in children is challenging and is a low priority in lowresource settings [1] . In general, isoniazid therapy is recommended for 6-12 months [2] , with an efficacy of approximately 90% among patients who complete treatment [3] . However, there are concerns regarding the use of isoniazid due to the potential for hepatotoxicity, ranging from asymptomatic elevation of liver enzymes to severe hepatitis [4] . Isoniazid is a potentially hepatotoxic medicine and its use as an agent for IPT could result in liver toxicities. Isoniazid is an inhibitor of CYP 2B6 and has the potential to increase the concentrations of concurrently administered medicines metabolized by this enzyme. The Thibela TB study, which was a cluster randomized trial of community-wide isoniazid preventive therapy (IPT) in South Africa, described adverse events with IPT in a study population of around 80,000 participants [5] . In this study the investigators concluded that the risk of adverse events as a result of IPT, particularly hepatotoxicity, was very low in this population (0.07%). Several other studies have also shown that there are low rates of hepatotoxicity when IPT is administered to HIV-infected individuals [3, 4, 6, 7] . Seven pilot sites in Zimbabwe implemented 6 months of IPT from 31 December 2012 to 1 March 2013 in PLHIV [8] . Of the 578 participants that received IPT in this pilot study, only 8 (7.2%) patients were documented as not completing the IPT course due to the development of toxicity. However, it is important to note that Takarinda et al. [8] report a 59.8% loss to follow-up rate, which is quite high. Whilst Takarinda et al. report an 80% completion rate of IPT under routine conditions, there is a need to examine further the impact of toxicities on IPT discontinuation. Due to the high rates of both HIV and TB in sub-Saharan African countries including Zimbabwe versus Western Countries there is a need to evaluate toxicities of isoniazid in HIV-infected patients. In a systematic review evaluating IPT in HIV-infected children, clinical adverse events were similar between the isoniazid prophylaxis and placebo groups, both in children not on ART and those on ART. Laboratory adverse events were similar between the isoniazid prophylaxis and placebo groups, both in children not on ART and those on ART [9] . In a secondary analysis of Zar et al.'s data, Le Roux et al. showed that 16 (5.4%) out of 297 children developed severe liver injury while receiving isoniazid, but that only 1.7% of these cases were related to isoniazid prophylaxis [7, 9, 10] .
Nevirapine, which is also a potentially hepatotoxic medicine, is metabolized by the enzyme CYP 2B6. Therefore, co-administration of nevirapine with isoniazid might expose patients to a drug-drug interaction that is hepatotoxic in nature [11] . Currently available limited data advises that the concurrent administration of isoniazid with nevirapine is relatively safe [12, 13] . In a brief report by Decloedt et al., an evaluation of the pharmacokinetics of nevirapine when given with isoniazid showed that co-administration was associated with a 24% increase in median nevirapine area under the curve within the first 12 h. This result was, however, not statistically significant and the sample size used in this study was too small to establish the effect of slow and fast isoniazid acetylators on nevirapine as it is possible that the inhibiting effect of isoniazid in slow acetylators may be more pronounced [14] .
The objectives of the study were to estimate the incidence of adverse hepatic events as assessed by alanine aminotransferase (ALT) elevation after IPT commencement in a cohort of HIV-infected paediatric and adolescent patients on antiretroviral therapy (ART). We also set out to evaluate the severity of the hepatic adverse events in the population of paediatric and adolescent population concurrently receiving ART with isoniazid. Finally, we sought to describe which demographic and patient treatment factors were associated with hepatic events and discontinuations of IPT (age, gender and concurrent nevirapine use).
Methods
This was a retrospective cohort study in which a records review was conducted using existing data captured during routine clinical visits at Newlands Clinic, Harare Zimbabwe. The details of the clinical operations at Newlands Clinic are described elsewhere [15] .
Data Collection
Baseline was defined as the day on which IPT was commenced. Newlands Clinic maintains an electronic medical database where all patient data are stored. The database contains patient demographic information, procedures carried out on the patient at each clinic visit, diagnoses made, medication prescribed, and medication dispensed. All laboratory tests and investigations conducted are also recorded in the database for the respective patients. We included all eligible participants in the database who received IPT between January 2014 and May 2015. De-identified data were extracted from the database onto an excel spreadsheet. The variables extracted were patient sex; age; medications taken whilst receiving IPT including duration of use, reason for discontinuation; ALT test results at baseline and during IPT use; baseline CD4 count; baseline viral load count; and any history of TB therapy. Excluded from commencing IPT were those patients who presented with signs and symptoms suggestive of TB, patients who were already on TB treatment, patients with signs of active liver disease, and patients with a history of isoniazid-induced hepatitis or heavy alcohol use. Exposure status was defined as receipt of isoniazid for treatment of LTBI whilst receiving ART. ART use in the participants was defined as continued receipt of antiretroviral medicines for a period of at least 3 months. A baseline viral load result was defined as the closest recorded result within 3 months of the date when IPT was commenced. A baseline CD4 count result was defined as the closest recorded result within 6 months of the date when IPT was commenced. Patients were followed up for the 24 weeks that that they were receiving IPT or if they reached a study endpoint earlier.
ALT levels were used to evaluate adverse hepatic events. Normal ALT levels were regarded as those within the range 0-41 international U/L. Hepatotoxicity was categorized by ALT elevations, with grade 1 and 2 being ALT levels between 42 and 200 U/L, and grade 3 and 4 being > 200 U/L [16] . Patients who had grade 1 and 2 elevations in ALT would continue IPT whilst being monitored and if they developed grade 3 or 4 elevations, IPT was discontinued.
Ethical Considerations
Permission to carry out this study was granted by the Newlands Clinic Scientific Committee and the Medical Research Council of Zimbabwe (MRCZ/E/139).
Statistical Analysis
Data were analysed using Stata (ver. 12) for descriptive statistics and measures of association. Descriptive statistics including frequencies, proportions, medians and interquartile ranges were used to describe the baseline characteristics and ALT outcomes. Cox proportional hazards were used to determine risk factors for grade 3 or 4 hepatotoxicity. Time zero of follow-up was the day of IPT commencement with endpoints being IPT completion, discontinuation or development of grade 3 or 4 hepatotoxicity. Kaplan-Meir curves were constructed to estimate survival rates while on IPT with end-points being defined by grade 3 or 4 elevations in ALT levels. A univariate analysis was conducted to identify if any of the potentially hepatotoxic antiretroviral medicines had an association with elevations in ALT. The ARVs that were included in the univariate analysis were nevirapine, efavirenz, lopinavir and atazanavir. A multivariate analysis was then conducted to evaluate whether those factors that were significant in the univariate analysis would remain significant.
Results
Five hundred and seventy-one patients were commenced on IPT between January 2014 and May 2015. 458 of these patients had complete ALT laboratory data that could be analysed. Data for 20 patients were excluded from this analysis based on having pre-existing grade 1 elevations in ALT. Figure 1 displays the enrolment and outcomes observed.
The characteristics of the participants in this study are shown in Table 1 . The median age at IPT commencement was 10 [interquartile range (IQR) = 7-12] years. The majority of participants had nevirapine as the third ARV medicine as dictated by the Zimbabwe National ART guidelines. Nevirapine in combination with two nucleoside reverse transcriptase inhibitors was the preferred first-line regimen [17] .
Severity of ALT elevations were categorized as grade 1 and 2 or grade 3 and 4. The median time to developing ALT elevation was 12 weeks regardless of the severity. Table 2 shows a description of the distribution of ALT elevations. In a Cox proportional hazard model, age, gender and individual ARV use were analysed for any association with the risk of hepatotoxicity after IPT commencement. In this model the association between age and the risk of developing hepatotoxicity after commencing IPT was not statistically significant (p = 0.313). Concomitant use of nevirapine was the only factor that showed a statistically significant association with hepatotoxicity [relative risk (RR): 2.7; confidence interval (CI): 1.2-6.3, p = 0.012]. Figure 2 shows a Kaplan-Meier estimate of the development of grade 3 or 4 elevation in ALT during IPT.
Discussion
We report a high incidence rate of severe hepatotoxicity (grade 3 or grade 4) of 31.5 per 100 person-years in a cohort of paediatric and adolescent HIV-infected patients on ART. This is in sharp contrast with several studies that have reported little risk of hepatotoxicity, ranging from 0.07 to 1.9% [5, 13, 18] . However, there are some differences between our study and those that reported lower incidence rates of hepatotoxicity. Grant et al. reported an incidence of 0.07% clinical hepatotoxicity among predominantly adult, male (95.2% men, median age of 40 years) South African gold miners [5] . The population under study by Grant et al. was not exclusively HIV infected, and consequently these differences could have affected the different findings. Tedla et al. reported a 1.9% incidence of severe hepatitis after commencing IPT [13] . However, only 48% of the participants initiated ART in comparison with our cohort, where all participants were receiving ART.
Our study was conducted in a paediatric and adolescent population where the median age was 10.0 (IQR 7-12) years. Concurrent administration of IPT with nevirapine in HIV-infected patients was significantly associated with hepatotoxicity (RR 2.7; CI 1.2-6.3; p = 0.012). Whilst this result does not explain the mechanism of how the hepatotoxicity occurs, the association with concomitant administration of IPT whilst a patient is receiving nevirapine is quite evident. In Kenya, the use of IPT among HIV-infected children was evaluated in three HIV care clinics [19] . In their retrospective record review, Masini et al. reported that 0.3% of HIV-infected children developed adverse drug reactions after IPT commencement [19] . However, identification of adverse drug reactions was based on a health provider inquiry of symptoms and patient/guardian self-reporting of symptoms without any laboratory tests being done. In our study, there was laboratory evaluation of hepatic injury in all patients through ALT measurement. Consequently, patients with liver damage that was not clinically evident were identified.
The safety of IPT has also been evaluated in a prospective double-blind placebo-controlled trial of isoniazid versus placebo given with co-trimoxazole either daily or three times a week in children with HIV in two centres in Cape Town, South Africa [10] . The incidence of grade 3 or 4 toxicity was 4% in the group that received isoniazid. (This study, like ours, also evaluated ALT). However, the results from the study by Zar et al. [10] were predominantly in children who did not have access to ART. Consequently, the association we found between hepatotoxicity and administration of IPT in patients receiving nevirapine-containing ART might not have been apparent in their study. In this study an incidence rate of 31.5/100 personyears (CI: 20.9-45.5) was determined. This rate is higher than previously reported studies in settings similar to those in Zimbabwe [10, 19] . Further pharmacokinetic studies need to be conducted in patients concurrently receiving nevirapine and isoniazid. A potential limitation for this study was the inability to effectively evaluate adherence to the medicines under study. Adherence assessment to INH and to ARVs was conducted through self-reports and pill counts during routine visits. These two adherence assessment techniques have limitations in evaluating optimum adherence [20] . This has the potential to affect outcomes in participants were the effect of the medicines was not seen. Non-adherence could lead to a larger percentage of patients not experiencing any toxicity effects due to reduced exposure to the medicines. A second limitation was the unavailability of complete ALT laboratory data for 113 participants. The exclusion of these patients from assessment could have introduced a selection bias to the study.
Conclusion
The incidence of IPT-associated liver enzyme elevations was high in this paediatric and adolescent population. We recommend vigilant monitoring of liver enzymes for patients receiving IPT especially in patients concomitantly receiving nevirapine.
